Along with rapid expansion of PXDOT chemistry, PXDOT hybridized conjugated polymers has also been intensively studied as a potential use of organic light emitting materials. 6 Commercially available monomer, 3,4-ethylenedioxythiophene (EDOT), has been synthesized from diethyl 3,4-dihydroxythiophene-2,5-dicarboxylate (3) as a key intermediate. The commercial production of EDOT has still been known to involve the reaction of 3 with 1,2-dihaloethane in the step of dioxine ring formation even if the use of dihalo compound in the production has been increasingly restricted due to its environmental hazard. In view of industrial or academic importance of EDOT, it is necessary to develop new synthetic routes that are convenient and environmentally friendly. We recently reported a highly efficient synthesis of a key EDOT intermediate and other EDOT derivatives via Mitsunobu chemistry. 7 We also reported the synthesis of pyrrole-analogs of EDOT through Pd-catalyzed dioxane ring formation. 8 This method turned out efficient and useful because of mild reaction condition, high yielding, and no use of halo-compounds. However, the extension of Pd-catalyzed dioxane ring formation route toward the synthesis of EDOT derivatives has not been successful possibly due to electronic or steric hindrance arising from the 2,5-dicarboxylate groups of 3. Here we wish to report the synthesis of 3,4-dihydroxythiophene-2-carboxylate (5) and its use as a useful compound for the synthesis of EDOT derivatives via various synthetic routes.
In the course of our study of synthesizing 3.4-dihydroxythiophene (4) in order that it might be used as a intermediate for synthesis of EDOT derivatives, we found that diethyl 3,4-dihydroyxythiophene-2,5-dicarboxylate (3) was very difficult to be hydrolyzed under several conditions. We investigated several bases such as sodium hydroxide, potassium hydroxide, sodium methoxide, sodium tert-butoxide in aqueous and/or using alcoholic solvent as co-solvent but failed to hydrolyze it in any meaningful yield. When the base was added, di-metal salt was immediately precipitated out, and then won't be dissolved into solution again at various conditions such as changing reaction temperature (resulted in decomposition upon too high temperature), changing bases and solvents. Gogte and coworkers reported they hydrolyzed 3 in aqueous sodium hydroxide solution with ethanol as a co-solvent at elevated temperature but they commented that the consistent reproducibility could not be achieved. 9 We attempted to reproduce their method but was not successful. Now we turned our attention to small and soft metal cation such as lithium and polar organic solvent such as dimethylsulfoxide (DMSO). Indeed, DMSO turned out much helpful to dissolve initially formed metal salt. Especially when LiOH was employed as a base in DMSO at elevated temperature Table 1 . After workup and isolation, the product was proven to be only mono-hydrolyzed compound (6) in 90 % yield (Scheme 1). However, further hydrolysis toward another ester group was not successful in spite of extended reaction time and at even higher temperature.
Notes
Decarboxylation of 6 in the presence of copper chromite in quinoline was easily proceeded at 150 o C for 0.5 h to give 5 as pale yellow crystals in 70% isolated yield (Scheme 2). It should be noteworthy that the decarboxylation was quickly finished under mild condition as compared with that happened in most thiophene-carboxylic acid derivatives (190-250 o C, 2-20 h). It might be explained that decarboxylation of 6 took place in similar fashion of that often seen in malonic acid derivatives. It has been observed that the diol 5 could be stored for several months without any significant decomposition.
In order to compare with 3 in reactivity, the diol 5 was subjected to dioxane ring closure with 2-methylpropane-1,3-dimethanesulfonate under standard Williamson etherification condition and the cyclized product 7 was obtained in 85% yield. This route showed that the diol 5 also be comparable with the diol 3 in performing Williams etherification. Sequential hydrolysis and decarboxylation of 7 gave Pro-DOT-Me (8) in 68% yield (Scheme 3).
Then we explored whether 5 may undergo palladium catalyzed cyclization with propargylic carbonates. It has been considered highly valuable to install a variety of substituants on the dioxane ring of EDOT in order to control electronic or chemical property of PEDOT but the routes toward them are pretty limited yet. We demonstrated in our previous work that dioxine ring formation of EDOT could be achieved by palladium catalyzed cyclization using propargylic carbonates. 8 However, our initial attempts by employing 3 was not successful possibly due to steric or electronic effects arising from the substrate. We assumed that two hydroxyl groups of 3 might not be nucleophilic enough to react with palladiumpropargylic carbonate complex due to two electron-withdrawing ester groups. To our delight, the diol 5 smoothly reacted with a propargylic carbonate in the presence of palladium catalyst to give the cyclized product (9) in 92% yield. It should be noted that the removal of one ester group from 3 brought much higher acceleration in the reaction which made 5 as a useful compound for further explorations with it. The reaction also showed high degree of regioselectivity to provide the compound 9 predominantly as have seen in the literatures. 10, 11 This method generally performs under mild condition and showed a great potential for reacting with other propargylic carbonates to afford a wide range of EDOT pre-monomers. In addition, the vinyl group of 9 provides additional advantage for functionalization by simple chemical manipulations such as hydrogenation, halogenation, hydroboration, and others. Hydrogenation of 7 in the presence of palladium catalyst gave cis-10 and trans-11 in 4:1 ratio in quantitative yield (Scheme 4). X-ray crystal structure of 10 showed that hydrogenation on less hindered side of exo-vinyl group took place dominantly to give cis-10 ( Figure 1) .
We also compared 5 with 3 by performing the dioxane ring formation under Mitsunobu reaction condition. The compound 5 as well as 3 well reacted with ethylene glycol under Mitsunobu condition to give 12 in 95% yield and upon bromination on it led to 13 in 95% yield (Scheme 5).
In conclusion, we demonstrated an efficient mono-hydrolysis of diethyl 3,4-dihydroyxythiophene-2,5-dicarboxylate (3), the synthesis of ethyl 3,4-dihydroyxythiophene-2-carboxylate (5) from decarboxylation of 3, and useful chemical manipulations of 5. Especially, transition metal mediated 1,4-dioxine ring formation of 5 with a propargylic carbonate and subsequent hydrogenation opened a new route for synthesis of 1,2-disubstituted EDOT derivatives otherwise difficult to be achieved. in THF under argon. The reaction mixture was stirred at reflux for 12 h. After cooling to room temperature, the solvent was removed by rotary evaporator and the residue was purified by column chromatography on silica gel using hexane/ethyl acetate (3:1) as eluent to give 9 (92%) as clear oil. 
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